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PRESSURE DISTRIBUTION ON THE C-7 AIRSHIP

By J. W. Crowle~,jr., snd S. J. DeFrance

SUMMARY \

This investigation was made by the National Advisory Committee for Aeronautics at the
request of the Bureau of Aeronautics,” Navy Department, for the purpose of deter@ning the
aerodpmmic pressure distribution encountered on a “ C“ ChlSS bhip in flight.. It was COIl-

ducted in two parts (a) tests on the taiI surfaces in which the pressures at 201 points were meas-
ured and (b) tests on the envelope in which 190 points were used, both tests being made ynder as
nearly identical ilight conditions as possible, so that the results could be combined and the pres-
sure distribution over the entire airship obt tied.

The Inethod of test~~ consisted of measuring the pressures by means of orMces.located at
the desired points connected to the tubes of a multiple liquid manometer. Simultaneous read-
ings of all the pressures were obtained by photographing the manometer.

The resuh5sas presented in this report are mainly in tabuhw form and maybe -very briefly
summarized as foIlows: .

(1) The maximum local pressure encountered on a tail surface was 7.3 lb./sq. ft.
(2) The maximum total normal force on a cumplete tail surface was 352 pounds or a C=,

of 0.316 occurring on the bottam fin and rudder during a” reversal” of the rudder.
(3) The matium moment of the tail surface forces about the center of buoyancy was 37,200

lb. ft.
(4) The investigation of the envelope pressures, while showing the general distribution c)f

pressure satisfactorily, is practically useless in the determination of total aerodynamic forc~ on
the airship.

(5) It is concluded that the pressur= set up by a bump are larger than those obtained in
maneuvering.

INTRODUCTION
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The available data concerning the aerod.mtic forces experienced by an airship in flight are
very scarce. The British ha-re made some pressure distribution measurements on the taiI sur-

.—

faces of the rigid airships, R–26 and R-32, but only comparatively few points were in~estig~ted,
and the results, consequently, me not at d.1complete. So far es is known, there has been no
previous complete inv=tigation of pressures on an airship envelope in flight. About the time

—

that these tests -werebeing carried out, an instigation was being made on the hull of the ZR–3
at Friedrkhhsfen, but the results have not been pubLished.

-—

In these experiments, covering both the envelope and tail surfaces, pressures were recorde~
at both high and low speeds for each control setting. The maneuvers vw.re: Steady turns, steady
climbs and descents, starting of turns and climbs, reversals from left turn to right turn, ris&u .
light, flying horizontally while light, and flying through gusts. The &hip was flown under all
of these conditions in order to make sure that the ma-um pressures encountered in normal
flight were obtained or exeeeded.

METHODSAND APPARATUS

Appuratus.-Pressure pads of the type developed and calibrated in the Uhited States
Xavy Aerodynamical Laboratory (Reference 1, fig. 1) were cemented directly ‘opposite each

—
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. other on the two sides of the tail surfaceaat the
~oints indicated in Figure 2 and on the envelope
as shown in F~re 4. In securing the presure
pads to the ahship, the connecting tube (fig. 1)
was placed to the rear so as to eliminate the
influence of the tube on the air flow about the
orifice. The orifices were connected by rubber
and aluminum tubing to a multiple liquid ma-
nometer located in the control car. Each alu-
minum tube cm the tail surfacw was laid next
to the fabric (fig. 3), so as to avoid bunching
of tubes, which woild ha-re caused a great
disturbance in the flow.
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FIG.6.—PItot9tatichead

The multiple liquid man-
ometer @g. 7) consisted of
224 ghws tubes arranged in
four groups. Each group ccm-
sisted of two reservo~ con-
nected by a brass header, out
of which projected 56 glass
tubes, each of which, save 4,
was connected to one of the
pressureorifices. Three of the
other 4 were connected to an
air reservoir in the cockpit

and the fourth to the trading static he-ad (fig. 5). The line gcmnecting the level of Iiquid in the
three tubes provided a datum line, in accordance with the roll of the &hip, from whi& presmrw ~
could be measured, while that in the fourth tube gave the true static pressure outside of the
flow caused by the airship.

The four manometer units were mounted together in one box, and to obtain records (k. 6)
the complete assembly was photographed by a specially designed camera (~. 7). The camera
consisted of a lightA&ht box and a film container which was removable in daylight. The
capacity of the container was a roll of film sufficient for 27 exposuree, 6 inches by 6 inches.
The spool on which the exposed fib wcs wound was turned by a handle, which in turn, by
means of a tripping device, operated the shutter once every revolution, thereby making the
record. At each operation of the shutter an electrical contact was made which caused a light
to flash and make a timing line on all records being made on drum type instruments. In this
investigation an N. L C. A. recording air-speed meter (Reference 2) and a recording statoscope
and inclinometer were used, and by means of the tirr@ lines all records were syncfionized. “
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Other instruments used in these tests were: rudder position indicator, low range precision
altimeter, yaw indicator, s’top watch, and thermometer. The rudder position indicator,
altimeter, and stop watch were mounted on the manomoter box and were photographed with
the pressure tubes. The recording air-speed meter and the recording statoscojw were connected,
respectively, to a trailing
Pitot-static head and a trailing
static head (fig. 5). Both of
these heads were suspended
25feet below the car so as to be
outeide of the disturbed flow
caused by the airship. The
recording statoscope consisted
of a recording air pressurecaps-
ule, a vacuum bottle, and. a
by-pass valve connected as
shown in Figure & The yaw
indicator consisted of a pro-
tractor mounted on the side of
the car. By sighting on the
trailing Pitot-et.atic head, the
angle of yaw at the car was
read on the scale. The rudder
position indicator consisted of
a graduated disk, which yas
connected to the rudder con-
trol cables. The thermometer
was attached ta the outside

FrQ.i.—khrometer end cameraassetupon the ebip

of the car so as to obtain the air temperature for computing the air density.
The position of the control surfaces was indicated to the pilot by two talautograph instru-

ments, which measure the angles between the stabilize~ and movable surfaces and then

Mwm’=%ere&Es -r,,..s+o#c
.-, ,----

FAirspeed
meter

*

addu

“U’”*
.FIO..S.-Jh~ of meno~eterand fnstrnrnentcwnnecticrx

clitions simultaneous records .of all the
chpging flight co@itions two records

electrically communicate the readings to an indicator
in the cockpit.

Method oj tests,—Before the flight test.. were made
all the connecting tubes were tested for 1e8ksand stop-
pages. This ivas accomplished by blowing through
the tubes from the orifice end of the line. A manom-
eter at this end and the reading iidicatcd on the
multiple manometer were observed at the samo time
and compared. The same procedure was carried out
at the completion of the set of tests and any lines
which indicated leaks were discarded, The hehn angle
indicator was calibrated and the zero reading of the
yaw protractor noted for an angle of zero “yaw relative
to the longitudinal axis of the car.

Before each flight the pilot wm supplied with a list
of the conditions desired and the camera and recording
instrumentswere loaded, Two observers were required
and their fist operation was to lower the two trailing
bombs. Both observers then gave their attention
to the pilot and awaited his sigmd that the desired
condition ha& been reached. For steady flight con-
instruments were, made on receipt of this signal. Iu
were obtained, tie first immediately after the mov~

meht of the. controb and the second “as soon after that as pos’sible. With “the camera used
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the interred between pictures was three seconds. In the reversal condition four photographs
were Qbtained in the above manner. The readings of the h+m angle and revolutions per
minute were recorded by the pilot.

The maneuvers in which pressures were recorded are tabulated in Table I, which is self-
exphmatory with the exception of the “light” conditions (runs 22 to 25, inclusive). To obtain
these flights while statically Iight, the airship was brought to eqdibrium at a detite altitude
and 500 pounds of ballast released. In this condition a horizontal flight was made, main-
taining a constant altitude by aid of the elevators (runs 22 and 23) and also a flight with the
airship on an even keel but rising due ta excess lift (runs 24 and 25).

Reduction and pesentaiim of dutu.-The data were dl obtained from photograp~c records,
except the angle of yaw, temperature, and re~olutions per minute, which -weretabtdated from
indicated readings. To facilitate reading of the manometer records, the negatives were placed

. in a projection lantern and the enkrged im~~e thrown on a screen. The magnitlcation was so
chosen that the head of alcohol could be scaled off directly in pounds per square foot. A wire
over the screen was shifted so as to run through the jmages of the menisci of the three tubes,
which -were connected to the air reservoir in the cockpit. This gave the angle of roll of the
ship and a base line to work from. A second @e was shifted into parallelism with the first
and passed through the image of the meniscus in the tube connected to the trailing statk head.
The height of liquid in the various tubes above the latter wire gave directly the pressures rela-
tive to the true static condition outside of the disturbed flow.

The rate of change of static prwaure, as recorded by the statoscope, was converted into
rate of change of altitude by the use of the atmospheric tables. This rat~ of change of altitude
divided by the air speed along the line of flight, gave the sine of jhe ang~eof inclination of the
flight path. By subtracting this angIe of inclination from the angle of inclination of the car
as recorded by the inchnomekr, the angle of pitch was obtained.

The maneuvers in which the pressurm were investigated are given in Table I, while the
conditions under which each maneuver was made is tabulated in Tables II and V. Due
to flight difiicultiea the desired rudder and elevator angles given in Table 1 were not always
obtained. The actual angles measured iR ~~ht are given in Tables II and V. The pressures
over the tail surfaces are given in Table III, vihile those over the enyelope are in Table VI.
The resultant forces on the tail surfaces are given in Table IV and those on the envelopg in
Table VII.

In Table ITTthe redtant normal forces have been e.xpre=ed in the coefficient form

.
where GLr= absolute normal force coefficient.

P= load.
A = mea of surface.
p= air density.
F= true air speed.

The pressures over the tail surfaces were p~otted for all runs along each row of holes at
right angles to the longitudinal axis of the airship, as shown in Figures 9, 10, 11, 12, 13, 14, 15,
and 16. As may be noted in these ilggur=, at each row a curve was drawn of the pressures on
each side of the surface and the resultant pressure curve for the row determined from the algebraic
sum of these. The areasunder these latter curves were measured and used as ordina- in drawing
a resultant load curve }or each surface. The center of area under each load curve was deter-
mined! and with the distance from that point to the center of buoyancy as an arm, the taiL
surface moment was computed. In W cases a positive load was considered to be acting from
bottom to top ,on me horizontal surfaces and from starboard to port on the vertical surfaces.

To-present the distribution of pressure o~er the hull, the values were plotted upon longi-
tudinal cross sections of the envelope. as shown in Figures 17, 19, 21, and 23, and aIso upon
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circular cross sections at each station m in Figures 18, 20, 22, and 24. The r=ultant vertical
and horizontal transverse forces at each station -were,obtained by numerical integration of the
pressures around the envelope. These forces were plotted along the axis of the hull, giving one
curve of horizontal forces and one. of vertical forces. -To these were added the horizontal and
vertical loads upon the tail surfaces, thereby giving. @e total aerod~amic forces acting hori-
zontally and vertically along the axis of the ship. These combined curves were drawn for each
maneuver in the same manner as shown in Figures 25a, 25b, 26a, 26b, 27a, 27b, 28a, and 28b.

PRECISION

Experiment made by the National Advisory Committee on an airplane wing during the
summer of 1921 and tests made in the United States Navy’s Aerodynamical Laboratory showed
that the type of pressure pads, Figure 1, used in this investigation gave the same reading of
static pressure as a single hole orifice just flush with the surface. More recent experiments.
made in the National Advisory Committee wind tunnel to find the eflect of the position of the
connecting nipple showed that there was no change in pr-ure by moving the pad around
from a position with the nipple directly aft to an angle of 90° to the air flow.

Tail 8urfaces.-The inertia effects in the pressure tubes were eliminated in these tests since
only pressure differences, as measured through tubes of the same length and running side by
side were used. The manometer was mounted close to the center of gravity of the airship
and the vertical accelerations affecting the heighttof the liquid columns were neglected. The
individual pressures.?re probably accurate to 0.10 lb./sq. ft. The accuracy of the figures given
for the total forces ISlimited by the number of points investigated, because a curve was drawn
connecting the individual pressures and the total forc_eswere obtained by integrating the area
under this curve. For this reason the total forces on the tail surfaces can not be assumed to
be correct to better than +5 lb., beoause the changes in preseure between points were great.

Envelope.-The precision of results on the tail surfaces can not be applied to the pressures
or total transvene forces on the envelope. The pressures over the envelope were of small
magnitude and the distance between points of investigation was large. So that with the ditT”-
culty of measuring the small pressures and because of the fact that they were considerwl as
acting over large areas, great errors might enter into ‘the computation of the total forces.

It should be noted that the angles of pitah and yaw were measured relative to the car, and
if applied to the envelope may be in slight error because of the flexibility of the suspension sys-
tem. There was some difficulty experienced in measuring the angle of yaw because of the
swinging of the suspended Pitot=static head on which sightings were taken. However, the
readings obtained for steady conditions were correct to the nearest 0.2°. For nonsteady con-
ditions the error ma? have been slightly greater, because it was diflicult to observe the angle .
at exactly the same instant that the r~cords were msde. In determining the angle of flight
path from the slope of the statoscope record and the airspeed, the assumption was made that

. .

there were no vertical air currents or gusts, which was probably the case in all runs, e-xcept
where the effects of a gust were desired, since the other tests w~eremade over the water.

DISCUSSIONOF RESULTS ,

The discussion of the results of this investigation is conEned to a consideration of the
actual pressures and total forces encountered in the dif7erent maneuvers. While all of the
conditions enumerated in Table I were investigated, only those of each maneuver showing
the greatest forces are tabulated here. HoweYer, the pressures encmmtered in all of the runs
have been tabulated and these data are available at the National Advisory (!ommittee for
Aeronautics for reference.

Tail wrfaceg.—’lle results of the pressure distribution tests on the tail surfaces are given
in Tables II, 111, and IV, in which are tabulated the data recorded in flight, the pressures at
each ortice, and the total resulting forces on the tail surfaces, respectively. It will be noted
in the latter table that in circling flight the loads have been divided inti the load on the fin
and load on the movable surface only for bottom fln and rudder, and, conversely, in climbing
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and descending ilight only the horizontal surfaces have been so divided. GraphicaI presenta-
tion of the tail surface data for four runs is shown in Figures 9, 10, 11, 12, 13, 14, 15, and 16,
which are representative of the manner in which alI of the pressures were plotted for the
determination of the resultant normal forces.

From the pressures at each ofice as tabulated in Table HI the resultant force at each
station may be obtained by the algebraic sum of the pressures on each side of each station.
Local loads thus determined show that the largest value recorded for a horizontal surface was
5.7 lb./sq. ft. orLthe port elevator while flying through a gust. This value exceeded the largest

, pressure caused by any spetic maneuver, which was 5.2 lb./sq. ft. near the leading edge of
the starboard fin encountered during a steady descent at 46 M. P. H. Much krrgervalues than
these were recorded for the vertical surfaces where the peak pwsnrcs ranged from 5 to 7 lb./sq.
ft. with a maximum of 7.3 lb./sq. ft. on the top fln during a steady tide at 35 M. P. H. (i&. 11).
The largest local pressureawere usually found at the leading edge of the flnaclose to the envelope
and on the balancing portion of the rudder and elevators.

Examination of the results in Table IV shows that the greatest resultant forces were
experienced on the vertical surfaces. This was to be expected, because more tiolent maneuvers
were made in the horizontal plane than in the vertical. However, the loads recorded for the
horizontal surfaces were much greater than those which would be experienced in normal flight,
because the tests were made as severe as possible, without increasing the gas pressure in the
envelope to a point where the fabric might faiL The greatest total normal force experienced
on a complete tail surface was 352 pounda on t-hebottom fin and rudder in run 27–b, a reversal.
Expressed in the coefficient form this becomes 0.316, which is also the largest 0.. obtained
for 8 complete tail unit. In comparison with these the maximum normal force on a complete
horizontal td surface was 181 pounds with 8 maximum &of 0.162. As would be ~ected,
the same relation is true for the fied surfaces where the largWi force is found on the top ti,
311 pounds, or (?.. 0.554, w~e the hugest on a horizontal h was 200 pounds, or & 0.210.
Comparatively lmge forces were encountwed on the rudder. A total force of 250 pounds was
obtained in run 9-b and normal force coefficients of 0.550 to 0.570 were found on three di&ent
occasions. The maximum C%. encountered on a complete tail unit, 0.316, is Ix than the
vaIue generally used in airship tail surface design, indicating that they are on the safe side.

Large horizontal moments of forces on the tail surfaces about the center of buoyancy were
expected as a result of reversing the rudder from 24° port to 18° starboard and were found in
the first and second records of the maneuver. In the case of the second, the value reached was
35,1oo lb. ft. (Table VIH). The resultant force causing this moment was the Iargest found
during the tests, 352 pounds on the Iower fin and rudder and 18CIpounds on the top fi, Figure 9.

The gust, which was encountered in run I’To.28, apparently came from directly below and
the pressures recorded are not those caused by the bump but those due to r=toration of the
ship to an attitude of normal fight. Ti5th the apparatus then amiIable it wtMimpossible to
record the full effect of a bump because it was necessary to wait until the gust was felt and then
make the record. However, the resultant forces 181 and 152 pouida and the normal force
coficients, 0.162 and 0.136 encountered on the port fin and elevator and starboard h and ele-
vatar respectively, were the largest found on the horizontal smfaces. These forcm, together
with the observations made at the time of the tast, indicate that there is a very great probability
that the loads imposed by a bump or gust ~xceed those obtained in any maneuver.

One of the chief difficult in these tests was caused by the inability, with the apparatus
used, to obtain continuous records of the pressures and the subsequent doubt in regmd to the
maximum pressures. This limitation is brought out rather forcibly by the above diaouesion of
the bump and is met within many of the unsteady maneuvers as in the start of a turn. In the
latter, runs 9-a and 9-b, it is evident from an inspection of the results in Table IV that the fit
run, 9-a, was made before the airship had start~d to turn and possibly before the rudder had
moved an appreciable amount bemuse the forces on both the vertical fin and the rudder were
small. However, the second run, -9-b, showa greatly increased forces and indicates that the
airship was turning. Because of the three seconds interval between records it is impowible to
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say exact.ly when the maximum forces were encountered and whether or not the forces obtained
were the actual maximum forces. This, of course, would be eliminated by continuous records.

A further analysis of the results in Table IV shows a pecuk,condition in that the load on the
tail surfaces was not equally divided between the port and starboard surfaces, or the top and
bottom surfaces. h example of this is run 21, where the starboard surfaces have a down load
of 73 pounds, while the port surfaces have 146 pounds. This wne thing is noted to n greater
or lass extent+roughout the whole serim of tests and is only explainable by the possibility that
the pressures were obtained while the airship was rolling. It was observed during the flights
that most of the maneuvers were accompanied by a rolling motion of the airship.

EnwZope.—The results of the pressuredistribution teste on the envelope are given in Tables
V, VI, and VII, and a graphical prwentation of the pressurw for four runs, a reversal of controls
from 24° port to lSOstarboard, a steady circle at 37.5 M. P. H. with 8“ starboard rudder, start
of a circle at 41.5 M. P. H. with 44° starboard rudder, and a bump at 45 M. P. H. is given in
Flgurw 17 to 24, inclusive. These figures axe representative of the manner in which all of the
data were plotted.

The curve of the pressure distribution over the. anvelope did not change greatly with the
diflerent maneuvers. The valuw of pressure were positive in aU casw from the nose back
about 7 per cent of the length of the airship, where they became negative and remained so along
the hull to a region about 10 per cent of the airship_’slength from the tail. IIerc again the
pressure became positive and continued so to the end of the airship. This is about the same
general pressure distribution that-was obtained on a model of the C% at 0° yaw in the wind
tunnel.at the Bureau of Standards. The only radical departure from this general distribution
was found in run No. 5 in the region close to the nose. In this region the values changed sign
several times and ~ the photographic record wm poor, making it difficult to read tho W&S,
these data are considered doubtful. . .,

l?%en the envelope resuk are considered for the puqose of determining the totaI aero- ‘- ‘-
dynamic loading of the airship they are found to be very unsatisfactory. There are several
causes which contribute to the inaccuracy of the ermelope rsmdts, the chief of thwe being the
relatively smalI number of points investigated on such a large area as that of the envelope.
This, of course, causes eacbritlce to be considered as reprmentative of the pressure over a
considerable area and mab~ifiea the inherent errors of such an invwtigation which are imposed
by the irregularities of the envelope and the interference of wires, pads, tubing, and now batteus
that undoubtedly produces disturbances at some of the oriiices. This could only be eliminated
by a much greater number of orifices which vvouId probably run into prohibitive weight and
resistance.

That the aerodynamic forces as measured are nit representative of the forces encountered
is shown in F@res 29 and 30 in which tie transverse forces as measured in Runs 4 and 1 are
plotted, together with the theoretical forces for the same runs w computed according ta Munk’s
formula (Reference 3): ,

where lrz-kl = d%erence of transveme and longitudinal apparent mass coefficients.
S = cross sectional area
p = angle of yaw.

F = inertia coe%icient c

r = radius of turn
x = distance to the areodynamic center.

Norn.-The radius of turn, r, was;computed from the time for a complete turn as cIockedby a stop watch,
and the air speed, This value waa checked by using the equation given in the British Advisory Committee
Report No. 749;

rsinp=o.91

where 1 is the &stance from t.ho,center .of pressure on the fins to the c. g. of the airship.
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The computed forces aa plotted in Figures 29 and 30 am not ~pected to agree exactly
with those measured because motion in a perfect fluid was assumed for the computations, but
no great discrepancies as are shown could exist and this is a further indication of the unreli-
ability of the aerodynamic loading obtained”on the envelope.

‘2rmmTrnT1
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CONCLUSIONS

Since the results are scattered throughout such extensive tables, it is thought advisable in
conclusion to again summarize some of the more important of them, s9 follows:

(1) The maximum total load on a complete taiI surface was 352 pounds, occurring on the
bottom fin and rudder (fig. 9), during a reversal at 40.5 M. P. EL, when the rudder was
moved from 24° port to 18° stgrboard. The corresponding normal force coeilhient, CMPwas
0.316.

(2) The maximum total load on a tied surface was found h be 311 pounds, and occurred
on the top fln (fig. 11) during a steady circle at 35 M. P. H. with the rudder 44° to star-
board. This resulted in 8 normal force coefficient; (?mr: 0.554.

(3) The maximum total load on a movable surface was 250 pounds, and occurred on the
rudder (fig. 13) at the start of a turn at 45 M. P. H. with the rudder 44° to starboard. The
average pressure over the surface in this cme was 2.9 lb.fsq. ft. or (&=0.565, and was the
largest encountered on my surface during any maneuver.

(4) Large local preswms, ranging from 3 to 7 lb./sq. ft., were encountered, uaudly on the
leading edge of the top b close to the envelope and on the balancing port~on of the rudder
and elevators. The largest pressure of this kind was 7.3 lb./sq. ft. on the top fin during, a
steady circle at an air speed of 45 M. P. H. with the rudder 44° to starboard.

(5) The maximum moment of the tail surface loads about the center of buoyancy was
37,200 lb. ft. tmd occurred in a steady circle at 35 M. P. H. with the rudder 44° to starboard.

(6) The loads on the enveIope were relatively small, the maximum loads ranging from 16
to 18 pounda per running foot along the axis of the ship.

(7) Due to the large areas and small pressures encountered, any irregularity in the hull or
&ght error in the reading of the pressures would cause a Iarge error in the load per running foot
on the envelope. This fact tenda to make a complete investigation of the envelope pressures
for the purpose of il.ndingaerodynamic forces irnpracticab~e,because it is obvious that sufficient
points to eliminate this difficulty could not be taken without running into excessive weight and
resistance. It ia felt, therefore, that the results of the tests on the envelope while showing the
general distribution of pressure snfliciently vrelIare practicrdly usebs in the determination of
total aerodynamic forces on the tip.
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(8) Although the pressures actually measured iU a bump (fk+ 15,16,23, 24; 27a, and 27b)
were of the same general maa~itude as in the other conditions it–is felt that the pressures
set up by a bump are larger than those obtained in maneuvering,

In generaI, the testa cm the tail “surfaces produced valuable data covering the loads and “
coefficients encountered in flight which confirm the theoretical values used in design,

The investigation of the pressures on the hull, while producing some interesting informa-
tion relative to general distribution of the pres~ures, was unsatisfactory for the purpose of
finding the aerodynamic loading on the airship. It woulcl seem that such an investigation is
unlikely to-produce any results of particular value unIess possibly on a rigid ship where the
resistance of the necessary tubing would be avoided by securing it inside of the envelope. Even
with arigid ship it is felt thht such an investigation isimpracticable because of the great .numbcr
of pointa that it ia necessary to investigate and the expense, bulk, and weight of the apparatus
required.

For further task of this nature a pressurerecorder”~ving continuous records is recommended.
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TABLE III

PRESSUEE DIWPRDXFTION ON T= TAIL SURFACES
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Surlkce

Lower fln and ruddsr
starboardside. . . . . . .

TOPfin, starboardsid[

TOPh, D@ side. . . . . .
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TABLE III--Continued

PRESSURE DISTRIBUTION ON THE TAIL SURFACES-CkoMnuad
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. TABLE IV

LOADS ON TAIL SUBFACES
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TABLE V

PRESSURE DISTRIBUTION TESTS ON ENVELOPE
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PRESSURE DISTRIBUTION ON THE ENVRLOPE-Continried
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TABLE VI—Continued

PRESSURE DISTRIBUTION ON THE ENVELOPl&Oontlnned
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TABLE VII

PRESSURE DISTRIBUTION ON ~ ENVELOPE

TABLEOFBE4013%NTVEBTICALAND EOE12XXITALLOADOAT EAOEBTA?IOH
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TABLE VII<ontkmcl

PRESSURE DISTRIBUTION ON THE ENVELOPR-Oontfnnsd
. TABLEOr EHOLTANT TZllTKAL AND EOSIZO.NIALWADS AT EACESTATION
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